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dynamics of dissolved nutrient patches. We
have yet to identify the frequency of occur-
rence and magnitude spectra of such patches
in specific microbial food webs. They un-
doubtedly represent interesting ecological
niches for bacteria, and they will also con-
tribute much to our understanding of the flow
of nutrients and energy in aquatic ecosystems
if they prove to be major pathways.
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Prevention of Population Cycles
by Parasite Removal

Peter ). Hudson,* Andy P. Dobson, Dave Newborn

The regular cyclic fluctuations in vertebrate numbers have intrigued scientists
for more than 70 years, and yet the cause of such cycles has not been clearly
demonstrated. Red grouse populations in Britain exhibit cyclic fluctuations in
abundance, with periodic crashes. The hypothesis that these fluctuations are
caused by the impact of a nematode parasite on host fecundity was tested by
experimentally reducing parasite burdens in grouse. Treatment of the grouse
population prevented population crashes, demonstrating that parasites were

the cause of the cyclic fluctuations.

Mathematical models have shown that a densi-
ty-dependent response acting with a time delay
can generate population cycles between natural
enemies and their prey (1). Indeed, trophic in-
teractions rather than intrinsic mechanisms are
now considered by many to be the principal
cause of cycles in microtine rodents (2), snow-
shoe hares (3), and red grouse (4). The defini-
tive test of these hypotheses is to stop popula-
tion cycles by manipulating the causative
mechanism. Here, we report on a long-term,
large-scale, replicated field experiment that
examined the capacity of parasites to cause
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cycles. The impact of the parasitic nematode
Trichostrongylus tenuis on individual red
grouse (Lagopus lagopus scoticus) was re-
duced through the application of an anthel-
mintic before a cyclic population crash in
northern England.

Extensive investigations of hunting records
from 175 individually managed grouse popula-
tions, coupled with detailed intensive demo-
graphic studies, have shown that 77% of red
grouse populations exhibit significant cyclic
fluctuations with a period between 4 and 8
years (Fig. 1A) (4). Population growth rate is
negatively related to the intensity of worm in-
fection in adult grouse (Fig. 1B), and poor
breeding production is correlated with worm
intensity (Fig. 1C), so that population crashes
are associated with high parasite intensities.
Analyses of parasite-host models predict that
parasitic helminths can cause population cycles
when they induce a reduction in host fecundity
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